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(54) Title: ANTISENSE OLIGONUCLEOTIDE MODULATION OF HUMAN PROTEIN KINASE CS EXPRESSION 



(57) Abstract 

Compositions and methods are provided for modulating the expression of PKC-6 and for the treatment and diagnosis of diseases 
associated with protein kinase C-6. Methods of treating animals suffering from disease amenable to therapeutic intervention by modulating 
protein kinase C-£ expression with an oligonucleotide specifically hybridizable with RNA or DNA corresponding to PKC-£ are disclosed. 
Methods of modulating the expression of TNF-a using the compositions of the present invention are also provided. 
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associated with TNF-a expression. Methods of treating 
abnormal differentiation conditions or inflammatory and 
immune diseases or conditions are also provided. These 
methods employ the oligonucleotides of the invention. 
5 These methods are believed to be useful both 

therapeutically and as clinical research and diagnostic 
tools . 

DETAILED DESCRIPTION OF THE INVENTION 

Many diseases are associated with unregulated control 

10 of cellular differentiation or TNF-a-associated cell 
signaling. Examples of diseases associated with 
unregulated control of cellular differentiation include 
leukemias and skin disorders such as psoriasis. Examples 
of diseases associated with TNF-a include infectious and 

15 inflammatory diseases, particularly diabetes, rheumatoid 
arthritis, Crohn's disease, pancreatitis, multiple 
sclerosis, atopic dermatitis and hepatitis. A method of 
treatment for these diseases could include induction of 
cellular differentiation or modulation of TNF-a associated 

20 cell signaling. The PKC family members are important 

regulators of cellular proliferation and differentiation. 
Targeting individual isozymes of PKC could be a useful 
method to control diseases associated with unregulated 
cellular differentiation or cell signaling. 

25 Certain abnormal conditions associated with 

unregulated control of differentiation or cell signaling 
are believed to be associated with PKC-5 expression and are, 
therefore believed to be responsive to inhibition of PKC-8 
expression. The relationship between an antisense 

30 compound such as an oligonucleotide and its complementary 
nucleic acid target, to which it hybridizes, is commonly 
referred to as "antisense". "Targeting" an oligonucleotide 
to a chosen nucleic acid target, in the context of this 
invention, is a multistep process. The process usually 
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oligonucleotides of the present invention to inhibit 
inflammatory processes may be employed to diagnose such 
states. A number of assays may be formulated employing the 
present invention, which assays will commonly comprise 
5 contacting a tissue sample with an oligonucleotide of the 
invention under conditions selected to permit detection 
and, usually, quantitation of such inhibition. In the 
context of this invention, to "contact" tissues or cells 
with an oligonucleotide or oligonucleotides means to add 

10 the oligonucleotide (s) , usually in a liquid carrier, to a 
cell suspension or tissue sample, either in vitro or ex 
vivo, or to administer the oligonucleotide (s) to cells or 
tissues within an animal . 

The oligonucleotides of this invention may also be 

15 used for research purposes. For example, the function of a 
specific gene product in a signaling pathway may be 
investigated using specific oligonucleotides. Thus, the 
specific hybridization exhibited by the oligonucleotides 
may be used for assays, purifications, cellular product 

20 preparations and in other methodologies which may be 
appreciated by persons of ordinary skill in the art. 

In the context of this invention, the term 
"oligonucleotide" refers to an oligomer or polymer of 
ribonucleic acid or deoxyribonucleic acid. This term 

25 includes oligonucleotides composed of naturally-occurring 
nucleobases, sugars and covalent intersugar (backbone) 
linkages as well as oligonucleotides having non-naturally- 
occurring portions which function similarly. Such modified 
or substituted oligonucleotides are often preferred over 

30 native forms because of desirable properties such as, for 
example, enhanced cellular uptake, enhanced binding to 
target and increased stability in the presence of 
nucleases . 

The antisense compounds in accordance with this 
3 5 invention preferably comprise from about 5 to about 50 
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nucleobases. Particularly preferred are antisense 
oligonucleotides comprising from about 8 to about 30 
nucleobases (i.e. from about 8 to about 30 linked 
nucleosides) . As is known in the art, a nucleoside is a 
5 base-sugar combination. The base portion of the nucleoside 
is normally a heterocyclic base. The two most common 
classes of such heterocyclic bases are the purines and the 
pyrimidines. Nucleotides are nucleosides that further 
include a phosphate group covalently linked to the sugar 

10 portion of the nucleoside. For those nucleosides that 

include a pentof uranosyl sugar, the phosphate group can be 
linked to either the 2', 3' or 5' hydroxyl moiety of the 
sugar. In forming oligonucleotides, the phosphate groups 
covalently link adjacent nucleosides to one another to form 

15 a linear polymeric compound. In turn the respective ends 
of this linear polymeric structure can be further joined to 
form a circular structure, however, open linear structures 
are generally preferred. Within the oligonucleotide 
structure, the phosphate groups are commonly referred to as 

2 0 forming the internucleoside backbone of the 

oligonucleotide. The normal linkage or backbone of RNA and 
DNA is a 3' to 5' phosphodiester linkage. 

Specific examples of preferred antisense compounds 
useful in this invention include oligonucleotides 

25 containing modified backbones or non-natural 
internucleoside linkages. As defined in this 
specification, oligonucleotides having modified backbones 
include those that retain a phosphorus atom in the backbone 
and those that do not have a phosphorus atom in the 

30 backbone. For the purposes of this specification, and as 
sometimes referenced in the art, modified oligonucleotides 
that do not have a phosphorus atom in their internucleoside 
backbone can also be considered to be oligonucleosides . 

Preferred modified oligonucleotide backbones include, 

35 for example, phosphorothioates , chiral phosphorothioates , 
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phosphorodi thioates , phosphotriesters , aminoalkyl - 
phosphotriesters, methyl and other alkyl phosphonates 
including 3'-alkylene phosphonates and chiral phosphonates, 
phosphinates , phosphor ami dates including 3 '-amino 
5 phosphoramidate and aminoalkylphosphoramidates f 
thionophosphoramidates , thionoalkylphosphonates , 
thionoalkylphosphotriesters, and boranophosphates having 
normal 3' -5' linkages, 2' -5' linked analogs of these, and 
those having inverted polarity wherein the adjacent pairs 

10 of nucleoside units are linked 3' -5' to 5' -3' or 2' -5' to 
5' -2'. Various salts, mixed salts and free acid forms are 
also included. 

Representative United States patents that teach the 
preparation of the above phosphorus -containing linkages 

15 include, but are not limited to, U.S. Patent 3,687,808; 
4,469,863; 4,476,301; 5,023,243; 5,177,196; 5,188,897; 
5,264,423; 5,276,019; 5,278,302; 5,286,717; 5,321,131; 
5,399,676; 5,405,939; 5,453,496; 5,455,233; 5,466,677; 
5,476,925; 5,519,126; 5,536,821; 5,541,306; 5,550,111; 

20 5,563,253; 5,571,799; 5,587,361; and 5,625,050. 

Preferred modified oligonucleotide backbones that do 
not include a phosphorus atom therein have backbones that 
are formed by short chain alkyl or cycloalkyl 
internucleoside linkages, mixed heteroatom and alkyl or 

25 cycloalkyl internucleoside linkages, or one or more short 
chain heteroatomic or heterocyclic internucleoside 
linkages. These include those having morpholino linkages 
(formed in part from the sugar portion of a nucleoside) ; 
siloxane backbones; sulfide, sulfoxide and sulfone 

30 backbones; formacetyl and thiof ormacetyl backbones; 

methylene formacetyl and thiof ormacetyl backbones; alkene 
containing backbones; sulfamate backbones; methyleneimino 
and methylenehydrazino backbones; sulfonate and sulfonamide 
backbones; amide backbones; and others having mixed N, O, S 

35 and CH 2 component parts. 
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Representative United States patents that teach the 
preparation of the above oligonucleosides include, but are 
not limited to, U.S. Patent 5,034,506; 5,166,315; 
5,185,444; 5,214,134; 5,216,141; 5,235,033; 5,264,562; 
5 5,264,564; 5,405,938; 5,434,257; 5,466,677; 5,470,967; 
5,489,677; 5,541,307; 5,561,225; 5,596,086; 5,602,240; 
5,610,289; 5,602,240; 5,608,046; 5,610,289; 5,618,704; 
5,623,070; 5,663,312; 5,633,360; 5,677,437; and 5,677,439. 
In other preferred oligonucleotide mimetics, both the 

10 sugar and the internucleoside linkage, i.e., the backbone, 
of the nucleotide units are replaced with novel groups. 
The base units are maintained for hybridization with an 
appropriate nucleic acid target compound. One such 
oligomeric compound, an oligonucleotide mimetic that has 

15 been shown to have excellent hybridization properties, is 
referred to as a peptide nucleic acid (PNA) . In PNA 
compounds, the sugar-backbone of an oligonucleotide is 
replaced with an amide containing backbone, in particular 
an aminoethylglycine backbone. The nucleobases are 

20 retained and are bound directly or indirectly to aza 
nitrogen atoms of the amide portion of the backbone . 
Representative United States patents that teach the 
preparation of PNA compounds include, but are not limited 
to, U.S. Patent 5,539,082; 5,714,331; and 5,719,262. 

25 Further teaching of PNA compounds can be found in Nielsen 
et al. (Science, 1991, 254, 1497-1500). 

Most preferred embodiments of the invention are 
oligonucleotides with phosphorothioate backbones and 
oligonucleosides with heteroatom backbones, and in 

30 particular -CH 2 -NH-0-CH 2 - , -CH 2 -N (CH 3 ) -0-CH 2 - [known as a 

methylene (methylimino) or MMI backbone], -CH 2 -0-N(CH 3 ) -CH 2 - 
, -CH 2 -N(CH 3 ) -N(CH 3 ) -CH 2 - and -O-N (CH 3 ) -CH 2 -CH 2 - [wherein the 
native phosphodiester backbone is represented as -o-P-O- 
CH 2 -] of the above referenced U.S. Patent 5,489,677, and the 

35 amide backbones of the above referenced U.S. Patent 
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5,602,240. Also preferred are oligonucleotides having 
morpholino backbone structures of the above-referenced U.S. 
Patent 5,034,506. 

Modified oligonucleotides may also contain one or more 
5 substituted sugar moieties. Preferred oligonucleotides 

comprise one of the following at the 2' position: OH; F; O- 
, or N-alkyl, O-alkyl-O-alkyl , 0-, S-, or N-alkenyl, or 

0-, S- or N-alkynyl, wherein the alkyl, alkenyl and alkynyl 
may be substituted or unsubstituted C x to C 10 alkyl or C 2 to 

10 C 10 alkenyl and alkynyl. Particularly preferred are 
0[(CH 2 ) n O] m CH 3 , 0(CH 2 ) n OCH 3 , O (CH 2 ) 2 ON (CH 3 ) 2 , 0(CH 2 ) n NH 2 , 
0{CH 2 ) n CH 3( 0(CH 2 ) n ONH 2i and O (CH 2 ) n ON [ (CH 2 ) n CH 3 ) ] 2> where n and m 
are from 1 to about 10. Other preferred oligonucleotides 
comprise one of the following at the 2' position: C^. to C 10 

15 lower alkyl, substituted lower alkyl, alkaryl, aralkyl, 0- 
alkaryl or O-aralkyl, SH, SCH 3 , OCN, CI, Br, CN, CF 3 , OCF 3 , 
SOCH 3< S0 2 CH 3> ON0 2i N0 2f N 3t NH 2i heterocycloalkyl , 
heterocycloalkaryl , aminoalkylamino , polyalkylamino , 
substituted silyl, an RNA cleaving group, a reporter group, 

20 an intercalator, a group for improving the pharmacokinetic 
properties of an oligonucleotide, or a group for improving 
the pharmacodynamic properties of an oligonucleotide, and 
other substituents having similar properties. A preferred 
modification includes 2 » -methoxyethoxy (2 ' -0-CH 2 CH 2 0CH 3 , also 

25 known as 2 1 -O- (2-methoxyethyl) or 2 • -MOE) (Martin et al . , 
Helv. Chim. Acta 1995, 78, 486-504) i.e., an alkoxyalkoxy 
group. Further preferred modifications include 
2 1 -dime thy laminooxyethoxy, i.e., a 0 (CH 2 ) 2 ON (CH 3 ) 2 group, 
also known as 2'-DMAOE, and 2 ■ -dimethylaminoethoxyethoxy 

30 (2 1 -DMAEOE) as described in examples hereinbelow. 

Other preferred modifications include 2 ' -methoxy (2 f - 
0-CH 3 ) , 2 » -aminopropoxy (2 1 -OCH 2 CH 2 CH 2 NH 2 ) and 2'-fluoro (2 1 - 
F) . Similar modifications may also be made at other 
positions on the oligonucleotide, particularly the 3 1 

35 position of the sugar on the 3 ' terminal nucleotide or in 
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2' -5' linked oligonucleotides and the 5' position of 5 1 
terminal nucleotide. Oligonucleotides may also have sugar 
mimetics such as cyclobutyl moieties in place of the 
pentofuranosyl sugar. Representative United States patents 
5 that teach the preparation of such modified sugars 

structures include, but are not limited to, U.S. Patent 
4,981,957; 5,118,800; 5,319,080; 5,359,044; 5,393,878; 
5,446,137; 5,466,786; 5,514,785; 5,519,134; 5,567,811; 
5,576,427; 5,591,722; 5,597,909; 5,610,300; 5,627,0531 
10 5,639,873; 5,646,265; 5,658,873; 5,670,633; and 5,700,920. 

Oligonucleotides may also include nucleobase (often 
referred to in the art simply as "base") modifications or 
substitutions. As used herein, "unmodified" or "natural" 

15 nucleobases include the purine bases adenine (A) and 

guanine (G) , and the pyrimidine bases thymine (T) , cytosine 
(C) and uracil (U) . Modified nucleobases include other 
synthetic and natural nucleobases such as 5-methylcytosine 
(5-me-C or m5c) , 5-hydroxymethyl cytosine, xanthine, 

20 hypoxanthine , 2-aminoadenine, 6-methyl and other alkyl 
derivatives of adenine and guanine, 2 -propyl and other 
alkyl derivatives of adenine and guanine, 2-thiouracil, 2- 
thiothymine and 2-thiocytosine, 5-halouracil and cytosine, 
5-propynyl uracil and cytosine, 6-azo uracil, cytosine and 

25 thymine, 5-uracil (pseudouracil) , 4- thiouracil , 8-halo, 8- 
amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and other 8- 
substituted adenines and guanines, 5 -halo particularly 5- 
bromo, 5-trif luoromethyl and other 5-substituted uracils 
and cytosines, 7-methylguanine and 7-methyladenine, 8- 

30 azaguanine and 8-azaadenine, 7-deazaguanine and 7- 
deazaadenine and 3-deazaguanine and 3-deazaadenine . 
Further nucleobases include those disclosed in United 
States Patent No. 3,687,808, those disclosed in the Concise 
Encyclopedia Of Polymer Science And Engineering 1990, pages 

35 858-859, Kroschwitz, J.I., ed. John Wiley & Sons, those 
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disclosed by Englisch et al . (Angewandte Chemie, 
International Edition 1991, 30, 613-722), and those 
disclosed by Sanghvi, Y.S., Chapter 15, Antisense Research 
and Applications 1993, pages 289-302, Crooke, S.T. and 
5 Lebleu, B. , ed., CRC Press. Certain of these nucleobases 
are particularly useful for increasing the binding affinity 
of the oligomeric compounds of the invention. These 
include 5 -substituted pyrimidines , 6-azapyrimidines and N- 
2, N-6 and 0-6 substituted purines, including 2- 

10 aminopropyl adenine, 5-propynyluracil and 5- 

propynylcytosine . 5-methylcytosine substitutions have been 
shown to increase nucleic acid duplex stability by 0.6-1.2°C 
(Sanghvi, Y.S., Crooke, S.T. and Lebleu, B., eds . , 
Antisense Research and Applications 1993, CRC Press, Boca 

15 Raton, pages 276-278) and are presently preferred base 
substitutions, even more particularly when combined with 
2 1 -O-methoxyethyl sugar modifications . 

Representative United States patents that teach the 
preparation of certain of the above noted modified 

20 nucleobases as well as other modified nucleobases include, 
but are not limited to, the above noted U.S. Patent 
3,687,808, as well as U.S. Patent 4,845,205; 5,130,302; 
5,134,066; 5,175,273; 5,367,066; 5,432,272; 5,457,187; 
5,459,255; 5,484,908; 5,502,177; 5,525,711; 5,552,540; 

25 5,587,469; 5,594,121, 5,596,091; 5,614,617; and 5,681,941. 

Another modification of the oligonucleotides of the 
invention involves chemically linking to the 
oligonucleotide one or more moieties or conjugates which 
enhance the activity, cellular distribution or cellular 

30 uptake of the oligonucleotide. Such moieties include but 
are not limited to lipid moieties such as a cholesterol 
moiety (Letsinger et al . , Proc. Natl. Acad. Sci. USA 1989, 
86, 6553-6556), cholic acid (Manoharan et al . , Bioorg. Med. 
Chem. Lett. 1994, 4, 1053-1059), a thioether, e.g., hexyl- 
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S-tritylthiol (Manoharan et al., Ann. N.Y. Acad. Sci . 1992, 
660, 306-3 09; Manoharan et al . , Bioorg. Med. Chem. Let. 
1993, 3, 2765-2770), a thiocholesterol (Oberhauser et al., 
Nucl. Acids Res. 1992, 20, 533-538), an aliphatic chain, 
5 e.g., dodecandiol or undecyl residues (Saison-Behmoaras et 
al., EMBO J. 1991, 10, 1111-1118; Kabanov et al., FEES 
Lett. 1990, 259, 327-330; Svinarchuk et al., Biochimle 
1993, 75, 49-54), a phospholipid, e.g., di-hexadecyl-rac- 
glycerol or triethylammonium 1 , 2 -di-O-hexadecyl- rac- 

10 glycero-3 -H-phosphonate (Manoharan et al., Tetrahedron 
Lett. 1995, 36, 3651-3654; Shea et al . , Nucl . Acids Res. 
1990, 18, 3777-3783;, a polyamine or a polyethylene glycol 
chain (Manoharan et al., Nucleosides & Nucleotides 1995, 
14, 969-973), or adamantane acetic acid (Manoharan et al., 

15 Tetrahedron Lett. 1995, 36, 3651-3654), a palmityl moiety 
(Mishra et al . , Biochim. Biophys. Acta 1995, 1264, 229- 
237) , or an octadecylamine or hexylamino-carbonyl- 
oxycholesterol moiety (Crooke et al., J. Pharmacol. Exp. 
Ther., 1996, 277, 923-937). 

20 Representative United States patents that teach the 

preparation of such oligonucleotide conjugates include, but 





are not limited to, U 


. S . Patent 


4, 828, 979; 


4, 948, 882; 




5,218,105; 


5,525,465; 


5,541,313; 


5,545,730; 


5,552,538 




5,578,717, 


5, 580, 731; 


5,580,731; 


5,591,584; 


5,109,124 


25 


5,118,802; 


5, 138, 045; 


5,414,077; 


5,486,603; 


5,512,439 




5,578,718; 


5, 608, 046; 


4,587, 044; 


4, 605, 735; 


4,667,025 




4,762,779; 


4, 789, 737; 


4, 824, 941; 


4,835,263; 


4,876,335 




4,904,582; 


4, 958, 013; 


5, 082, 830; 


5, 112, 963; 


5,214,136 




5,082,830; 


5, 112, 963; 


5,214,136; 


5, 245, 022; 


5,254,469 


30 


5,258,506; 


5,262, 536; 


5,272,250; 


5,292,873; 


5, 317, 098 




5,371,241, 


5,391, 723; 


5,416,203, 


5,451,463; 


5,510,475 




5,512,667; 


5,514, 785; 


5,565,552; 


5,567,810; 


5,574,142 
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5,585,481; 5,587,371; 5,595,726; 5,597,696; 5,599,923; 
5,599,928 and 5,688,941. 

The present invention also includes oligonucleotides 
which are chimeric oligonucleotides. "Chimeric" 
5 oligonucleotides or "chimeras," in the context of this 
invention, are oligonucleotides which contain two or more 
chemically distinct regions, each made up of at least one 
nucleotide. These oligonucleotides typically contain at 
least one region wherein the oligonucleotide is modified so 

10 as to confer upon the oligonucleotide increased resistance 
to nuclease degradation, increased cellular uptake, and/or 
increased binding affinity for the target nucleic acid. An 
additional region of the oligonucleotide may serve as a 
substrate for enzymes capable of cleaving RNArDNA or 

15 RNA:RNA hybrids. By way of example, RNase H is a cellular 
endonuclease which cleaves the RNA strand of an RNA : DNA 
duplex. Activation of RNase H, therefore, results in 
cleavage of the RNA target, thereby greatly enhancing the 
efficiency of antisense inhibition of gene expression. 

2 0 Cleavage of the RNA target can be routinely detected by gel 
electrophoresis and, if necessary, associated nucleic acid 
hybridization techniques known in the art. This RNAse H- 
mediated cleavage of the RNA target is distinct from the 
use of ribozymes to cleave nucleic acids. Ribozymes are not 

25 comprehended by the present invention. 

Examples of chimeric oligonucleotides include but are 
not limited to "gapmers," in which three distinct regions 
are present, normally with a central region flanked by two 
regions which are chemically equivalent to each other but 

30 distinct from the gap. A preferred example of a gapmer is 
an oligonucleotide in which a central portion (the "gap") 
of the oligonucleotide serves as a substrate for RNase H 
and is preferably composed of 2 1 -deoxynucleotides, while 
the flanking portions (the 5' and 3' "wings") are modified 

35 to have greater affinity for the target RNA molecule but 
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are unable to support nuclease activity (e.g., fluoro- or 
2 1 -O-methoxyethyl- substituted). Chimeric oligonucleotides 
are not limited to those with modifications on the sugar, 
but may also include oligonucleosides or oligonucleotides 
5 with modified backbones, e.g., with regions of 

phosphorothioate (P=S) and phosphodiester (P=0) backbone 
linkages or with regions of MM I and P=S backbone linkages. 
Other chimeras include "wingmers , also known in the art as 
"hemimers," that is, oligonucleotides with two distinct 

10 regions. In a preferred example of a wingmer, the 5 f 

portion of the oligonucleotide serves as a substrate for 
RNase H and is preferably composed of 2 1 -deoxynucleotides , 
whereas the 3 1 portion is modified in such a fashion so as 
to have greater affinity for the target RNA molecule but is 

15 unable to support nuclease activity (e.g., 2' -fluoro- or 
2 • -O-methoxyethyl- substituted), or vice-versa. In one 
embodiment, the oligonucleotides of the present invention 
contain a 2 ' -O-methoxyethyl (2 1 -0-CH 2 CH 2 OCH 3 ) modification on 
the sugar moiety of at least one nucleotide. This 

20 modification has been shown to increase both affinity of 
the oligonucleotide for its target and nuclease resistance 
of the oligonucleotide. According to the invention, one, a 
plurality, or all of the nucleotide subunits of the 
oligonucleotides of the invention may bear a 2 ' -O- 

25 methoxyethyl { -0-CH 2 CH 2 OCH 3 ) modification. Oligonucleotides 
comprising a plurality of nucleotide subunits having a 2 1 - 
O-methoxyethyl modification can have such a modification on 
any of the nucleotide subunits within the oligonucleotide, 
and may be chimeric oligonucleotides. Aside from or in 

30 addition to 2 1 -O-methoxyethyl modifications, 

oligonucleotides containing other modifications which 
enhance antisense efficacy, potency or target affinity are 
also preferred. Chimeric oligonucleotides comprising one 
or more such modifications are presently preferred. 
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The oligonucleotides used in accordance with this 
invention may be conveniently and routinely made through 
the well-known technique of solid phase synthesis. 
Equipment for such synthesis is sold by several vendors 
5 including Applied Biosystems . Any other means for such 

synthesis may also be employed; the actual synthesis of the 
oligonucleotides is well within the talents of the 
routineer. It is well known to use similar techniques to 
prepare oligonucleotides such as the phosphorothioates and 

10 2'-alkoxy or 2 ' -alkoxyalkoxy derivatives, including 2 ' -O- 
methoxyethyl oligonucleotides (Martin, P., Helv. Chim. Acta 
1995, 78, 486-504) . It is also well known to use similar 
techniques and commercially available modified amidites and 
controlled-pore glass (CPG) products such as biotin, 

15 fluorescein, acridine or psoralen-modif ied amidites and/or 
CPG (available from Glen Research, Sterling, VA) to 
synthesize f luorescently labeled, biotinylated or other 
conjugated oligonucleotides. 

The antisense compounds of the present invention 

20 include bioequivalent compounds, including pharmaceutical ly 
acceptable salts and prodrugs. This is intended to 
encompass any pharmaceutical ly acceptable salts, esters, or 
salts of such esters, or any other compound which, upon 
administration to an animal including a human, is capable 

25 of providing (directly or indirectly) the biologically 
active metabolite or residue thereof. Accordingly, for 
example, the disclosure is also drawn to pharmaceutical ly 
acceptable salts of the nucleic acids of the invention and 
prodrugs of such nucleic acids. "Pharmaceutically 

30 acceptable salts" are physiologically and pharmaceutically 
acceptable salts of the nucleic acids of the invention: 
i.e., salts that retain the desired biological activity of 
the parent compound and do not impart undesired 
toxicological effects thereto (see, for example, Berge et 
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stearate, talc, silica, colloidal silicon dioxide, stearic 
acid, metallic stearates, hydrogenated vegetable oils, corn 
starch, polyethylene glycols, sodium benzoate, sodium 
acetate, etc.); disintegrates (e.g., starch, sodium starch 
5 glycolate, etc.); or wetting agents (e.g., sodium lauryl 
sulphate, etc.). Sustained release oral delivery systems 
and/or enteric coatings for orally administered dosage 
forms are described in U.S. Patent 4,-704,2 95; 4,556,552; 
4,309,406; and 4 , 309 , 404 . 

10 The compositions of the present invention may 

additionally contain other adjunct components 
conventionally found in pharmaceutical compositions, at 
their art-established usage levels. Thus, for example, the 
compositions may contain additional compatible 

15 pharmaceutically-active materials such as, e.g., 
antipruritics, astringents, local anesthetics or 
anti- inflammatory agents, or may contain additional 
materials useful in physically formulating various dosage 
forms of the composition of present invention, such as 

20 dyes, flavoring agents, preservatives, antioxidants, 

opacifiers, thickening agents and stabilizers. However, 
such materials, when added, should not unduly interfere 
with the biological activities of the components of the 
compositions of the invention. 

25 Regardless of the method by which the oligonucleotides 

of the invention are introduced into a patient, colloidal 
dispersion systems may be used as delivery vehicles to 
enhance the in vivo stability of the oligonucleotides 
and/or to target the oligonucleotides to a particular 

3 0 organ, tissue or cell type. Colloidal dispersion systems 
include, but are not limited to, macromolecule complexes, 
nanocapsules , microspheres, beads and lipid-based systems 
including oil-in-water emulsions, micelles, mixed micelles, 
liposomes and lipid: oligonucleotide complexes of 

35 uncharacterized structure. A preferred colloidal 
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dispersion system is a plurality of liposomes. Liposomes 
are microscopic spheres having an aqueous core surrounded 
by one or more outer layers made up of lipids arranged in a 
bilayer configuration (see, generally, Chonn et al., 
5 Current Op. Biotech. 1995, 6, 698-708) . 

The pharmaceutical compositions of the present 
invention may be administered in a number of ways depending 
upon whether local or systemic treatment is desired and 
upon the area to be treated. Administration may be topical 

10 (including ophthalmic, vaginal, rectal, intranasal, 
epidermal, and transdermal), oral or parenteral. 
Parenteral administration includes intravenous drip, 
subcutaneous, intraperitoneal or intramuscular injection, 
pulmonary administration, e.g., by inhalation or 

15 insufflation, or intracranial, e.g., intrathecal or 

intraventricular, administration. Oligonucleotides with at 
least one 2 ' -O-methoxyethyl modification are believed to be 
particularly useful for oral administration. 

Formulations for topical administration may include 

20 transdermal patches, ointments, lotions, creams, gels, 
drops, suppositories, sprays, liquids and powders. 
Conventional pharmaceutical carriers, aqueous, powder or 
oily bases, thickeners and the like may be necessary or 
desirable. Coated condoms, gloves and the like may also be 

25 useful. 

Compositions for oral administration include powders 
or granules, suspensions or solutions in water or non- 
aqueous media, capsules, sachets or tablets. Thickeners, 
flavoring agents, diluents, emulsifiers, dispersing aids or 

30 binders may be desirable. 

Compositions for parenteral administration may include 
sterile aqueous solutions which may also contain buffers, 
diluents and other suitable additives. In some cases it 
may be more effective to treat a patient with an 

35 oligonucleotide of the invention in conjunction with other 



